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Differentiation of Marijuana and Hemp-Statement of Problems

( 2018 Farm Bill ]

» Traditional Method Limitations
* Microscopic, Color test— cannot
differentiate hemp and marijuana
* Chemistry instrumentation—> provide
limited information, effected by age,

Traff|ck|ng Method |.m.tat.on storage, sample type and size

Genetic Method ]

» Genetic Method

Only need trace amount of sample available
Analyzed non-traditional sample types

Not effect by sample condition or storage
Crop type differentiation

Tracing geographic origin



Genetic Markers for Differentiating Hemp and Marijuana
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Synthase Gene and Chemotype

Cannabis strains are usually differentiated by their chemical composition (chemotype)

The genotypes differences of the
three synthase genes might
influence cannabinoid content
— Differentiation Markers

THCA, CBDA, and CBCA
synthase compete for the -
same substrate (CBGA)

» Synthase genes sequences
« CBCAS is reported to be 96% identical to THCAS

sequence

CBCA « Cannabinoid synthase genes copies may include

l l l functional genes as well as several pseudogenes.

THC CBD CBC

Pseudogene with 89%— 95% similar in identity to
THCAS, CBDAS, and CBCAS



Differentiating Hemp and Marijuana with Synthase Genes

» Marijuana: active form of THCA synthase gene
» Hemp: inactive THCA synthase gene variant
Limitation: Inactive THCAS = CBCAS, present in both hemp and MJ (Laverty, 2019)

» Differentiate Hemp and Marijuana using four SNPs on active and inactive gene
Limitation: False positive and false negative were found (Roman, 2022), mostly CBG
hemp and seed samples.

Rotherham
2011

» Investigate the relationship of chemotype with both THCAS and CBDAS gene
Cascini 2019 » The proposed fiber-type THCAS = CBCAS (Laverty, 2019)
Limitation: The risk of amplification of pseudogenes exists in all methods

> Limitation of Current Genetic method

* Need to incorporated CBCAS and pseudogene

* Limited sample vaniiiies, snul ksanmpdennmmblee f f PRy ad d- RN st kb oncuaed)
* Complex genetic factors effecting potential markers

* Lack of a comprehensive C. sativa database




Study’s Goal and Approach

> Goal

Provide large scale evaluation of the synthase genes and pseudogenes on
wide varieties of Cannabis to identify novel polymorphisms or pattern of
genes’ present for crop type discrimination.

» Designed NGS panel targeting three synthase genes and pseudogenes
* NGS can target specific genes of interest with high
coverage and confidence

e Quickly screen and sequence several types of cannabis
with its high-throughput capabilities




Flow Chart

Sample | DNA Extraction ‘ Primer Sanger
Collection and Quantitation Design Sequencing
] Long sequence PCR )
NGS I Data Tagman Assays
e —
Assay Y Prep Analysis gPCR Assay Evaluation
— Next generation sequencing _—




Cannabis Sample Collection

1 Reference Marijuana NIDA, NIST Quant & TIC Data
2 Reference Hemp 3 IR BT, Bl e Quant & TIC Data
Kentucky
3 Seized Marijuana 61 DEA (University of Mississippi) Quant Data
4 CBD Hemp 20 Online purchase Quant & TIC Data
g CBG Hemp 13 University of Mississippi Not Available
CBG Hemp 8 Online purchase Quant & TIC Data
6 A8-THC Hemp 7 Online purchase Quant & TIC Data
7 THCO Hemp 3 Online purchase Quant & TIC Data
8 A10-THC Hemp 1 Online purchase Quant & TIC Data
9 CBDV Hemp 1 Online purchase Quant & TIC Data
10 Hemp Seed 4 Grocery Store purchase Not Available

Total 148 Marijuana: 88 Hemp: 60



Primer Design

THCAS F2
THCAS R2
CBDAS F1
CBDAS Lav F
CBDAS R1
CBDAS Lav R
CBCAS Lav F
CBCAS Lav R

THCAS F4 8
THCAS R4 9

1
2
3
4 CBDAS R3 11
5
6
7

CBCAS R1 14

CBDAS F3 10

CBCAS F1 12
CBCAS F3 13

Approach 1: Using Published Primers

ACTGAAGAAAAATGAATTGCTCAG
ATTTAAAGATAATTAATGATGATGCG
ATGAAGTGCTCAACATTCTC
CTGCAGGAATGAAGTACTCAACATTCTCCTTTTGG
TTAATGACGATGCCGTGG
AAGCTTTCATGGTACCCCATGATGATGCCGTGGAAGAG
CGGATGTACTGTTATGCTCCAA
CATTCTCCATTAAAATAAGAAAGACAA

CBCAS R2 15
THCA+Like R 16
Everyone R1 17
CBDA+Like R1 18

THCA R5 19

CBDA+Like R2 20
CBDA+Like F1

Primer Name

Reference

Cascini 2019
Cascini 2019
Cascini 2019
Laverty 2019
Cascini 2019
Laverty 2019
Laverty 2019
Laverty 2019

CBDA+Like F2
CBDA+Like F3
CBCA+Like F
THCA F5
Everyone R2

Everyone F1

Approach 2: Aligned Published Synthases’ Sequence

Align 121 Reference Sequences (including THCAS, THCAS-like,
CBDAS, CBDAS-like, CBCAS)

TTECAGCATEE AAAATEARACTIG TTGCTGTERCATE,

ARAGGUTACTATATTCAG TGTTAARAAGAACATGEAGATACATGG GO TTE TCAAGTTAT TTAA CARA TGECARAAT ATTE CTTAC AAGTATEALD

Consensus
115
Coverage

|:4- THCAABUE?8051 Smkamaramas 200...

REU CBEA QKVI0Z004887 1 Finola
Emg CBCA-like JAATIOO010000121 Jama... :TTECAGCATEE T TG TTEWTGTCCCATC
g a

\TTECAGCATEG ARRA TCAAACTEG TTGETGTCCCATC

“TATATTCAG TGTT. TATTGCTTA
UBGLT.‘LT‘T‘TTL‘GTbTT‘““&“L‘Tbb‘b‘T‘(‘TbbbLTTbTL“bTT‘TTT“(“‘Tb L“HTlTTb(TTitllelTwL
T,

BCAS Cs1
CAS Cs1 TL“‘LTI;TT&ITET[[ :
AS Csi1 TEG TTGETGTCC

I‘G‘LTGGTTGLTGT('('

ACTEGTTGCTGTOC
TGGTTGCTGTCC

A0 TIG TTG CTGTEC

TG TTGCTGT O
TEAGACTEGC TTECTCTOD
THEAGAETES TT5 CTETCE

AARATATTGCTTAC
TATTGCTTACABCTATGCAN
TEECAARATATTGCTTACABGTATGAN
et y

F PP F P PR P P RT P A FRPYRFRT

“TATATTC A
A ADGTCTACTATATTC

TATTGCTTAC ARG
TEGCARAATATTG CTTACABGTATEAR
! BTATE

ACTEGTTECTGTCC
CAAB212829.1 Kojoma 2 TEETIECTETEC
CAAB212830.1 Kojoma 2
CAAB212836.1 Kojoma 20
CAAB212837.1 K
s

1
L1
.1
1
0
0

FPPPPFPPPTPFY

CTGETTE CTETC D
TEETTECTETCC
TCARACTGETTGE CTETCCC

T TGETTGRTGTCC

ARACTGETTG CTETCD
TGETTECTGTCC
TGETTECTGTCC
TGETTECTGTCC
TEETTECTETCC

nfid...

.1 Gannatonic

CAMT338560 CBG TS1-3 cultlvar
CAMW3E2908.1 HO4D T ?

CA MWSMOS?. Cake Breath T\;pe |




Primer Design-Pseudo Synthase Genes

Possible primers

Primer Name
THCA+Like R
Everyone R1
CBDA+Like R1
THCA R5
CBDA+Like R2
CBDA+Like F1
CBDA+Like F2
CBDA+Like F3
CBCA+Like F
THCA F5

Everyone R2

Everyone F1

Check different combinations

Larger cover range, good gel
results, good specificity

| e o

1 THCA+Like R & Everyone F1 1095 bp THCAS+Like 61




Flow Chart

Sample DNA Extraction Primer Sanger
. : . . : . — .
Collection and Quantitation Design Sequencing
NIDA, NIST, UM, DNeasy® Plant Mini Kit (QIAGEN)  Total of 20 primers Confirmed Primer
DEA, Online, Stores Qubit™ 1X dsDNA HS Assay Kits were designed plus 8 Specificity- 9 primer
MJ: 91 Hemp: 54 published primes sets will be used
— Long sequence PCR )

|
R NGS : _ Data Tagman Assays
Assay —_ Library preparation — Analysis qPCR Assay Evaluation

—_— Next generation sequencing _
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General Workflow

" Long-Range PCR ——— PCR Product Pool

 LAPCRKitVer.2.1
e Single-plex PCR

AEES

() TakaRa
o

* Qubit quantitation

* PCR Products Pool
(0.2 ng/uL)

* Pool all targets
from the sample

e Exol clean-up

MiSeq FGx Run

Denature libraries
Dilute denature
libraries
Instrument loading

Library Preparation

Figure 1 Nextera XT DNA Library Prep Workflow

Safe Stopping Paint

Safe Stopping Point

o Tagment Genomic DNA
Hands-on: 7 minutes
Total: 17 minutes
Reagents: ATM, TD, NT

e Amplify Libraries
Hands-on: 7 minutes
Total: 45 minutes
Reagents: NPM, Index 1, Index 2

e Clean Up Libraries
Hands-on; 15 minutes
Tetal: 30 minutes
Reagents: RSE, IPB, EtOH

- Libraries Quality Check

* Bioanalyzer

Ladder = NIST2  NIST3  NIST4

Ul . .

: :_JM/M\‘“L““

I I T
] 400 60 8 | 100 120 5]

Libraries Normalization —

* Qubit quantitation

* Libraries Pool
(1.32 ng/ulL) (E)

Molarity = &

660— x 500bp

250-750 bp

13



Data Analysis-Geneious Prime

Assemble millions of reads generated by NGS platforms: align and merge
overlapping fragments of a DNA sequence to reconstruct the original sequence.

Data
Normalization

202005 c0nkes) | | 796read, 1677 bp
U Name ~ Descrip... Modified . ‘ . : .

=) E_S4_L001 Assembly Consensus Sequences - 21 May 2022° i “

E_S4_L001 Assembly Contig 1 796 read... 21 May 2022 ° e e e E—————— — e E—

® — E_S4.L001 Assembly Contig 2 738 read...21 May 2022 _= _—____=__;__==
De NOVO e = [E 541001 Assembly Contig 3 661 read...21 May 2022 e e e e — e
e — E_S4 1001 Assembly Contig 4 626 read...21 May 2022 e | B ———— | B —— | E—————— | E————————— E——" —
Assem bly e — E_S41001 Assembly Contig 5 519 read...21 May 2022 — =_—__—T—_=_
e = E_S4.1001 Assembly Contig 6 454 read...21 May 2022 —_—— —_—
® = E_S41001 Assembly Contig 7 338 read...21 May 2022 _—— _— ——
e — E_S41001 Assembly Contig 8 153 read...21 May 2022
® — E_S4.L001 Assembly Contig 9 94 reads...21 May 2022
= ES4 y Contig y 94 read, 53 bp
® — E_S4 1001 Assembly Contig 10 50 reads...21 May 2022 1 10 40 50 53
< GGAATGAAGTACTCAACATTCTCCTTCCACGGCATCATCATGGGGTACCATGA
Sequence View Lengths Graph Virtual Gel Fragments Text View Line |
, = o " Ann . GGAATGAAGTACTCAACATTCTCCTTCCACGGCATCATCATGGGGTACCATG
Map to & Extract @& RC. & Translate Add/Edit Annotation & Allow Editine  GCAATGAAGTACTCAACATTCTCCTTCCACGGCATCATCATCGGGGTACCATG
T o = a0 1000 1200 1400 100 1: - GGAATGAAGTACTCAACATTCTCCTTCCACGGCATCATCATGGGGTAC
References v ' ' ' ' N - i N : . GGAATGAAGTACTCAACATTCTCCTTCCACGGCATCATCATGGGGTAC
1.E 54 ... .. GGAATGAAGTACTCAACATTCTCCTTCCACGGCATCATCATGGGGT
2.E54 .. .. GGAATGAAGTACTCAACATTCTCCTTCCACGGCATCATCATGGGGT
i- E’gj"" . GGAATGAAGTACTCAACATTCTCCTTCCACGGCATCATCATGGGG
5.E_S4_...
6.E 54 ...
7654 . 26 read, 22 bp
8.ES4 .. = 1 50 100 150 - - - - 400 450 500 550
9.ES4 .. =— 1
=T e T
11.E_S4... w
12.E S4... =
13.E S4... == "
Record Results I S —
15. E_S4..,
16. E S4... .
17.E SA... —e—r—
18. E_S4.
Cursor before base 54. . . 14



Data Analysis-Geneious Prime

Map the contig to Reference Sequence: assemble contig sequences to THCAS,

Data
CBDAS, and CBCAS sequences to separate pseudo genes and locate differences

Normalization

228 documents assembled to 3 reference sequences Report

v 122 of 228 reads were assembled to 3 reference sequences to produce 3 contigs

& 106 reads were not assembled

Assembled 231 documents using Geneious assembler. Show Options
De Novo Assembly Duration: 8.71 seconds (23.28 seconds CPU time)

Assem bl Performed 5 of up to 5 iterations. 1300 1,400 1500 1600 1700 1400 1500 2,000 2100 2200 2300 2.400 25
y . . . COnSenSuS LN B } 1 1 1 " 1 1 1 1 I 1 [ | 1 [N} I mn o 1 1 1 [
First iteration matched 111 reads. 3%
o .
Best iteration matched 122 reads. 0

340 440 540 640 740 837 937 1,037 1137 1,237 1337 1,436 1.5

L+ CBDA AB2926
X Not Assembled Be FUD NIST3-2

CBDAS |
Map to Sy

[ FUD D1

References Ex: Some Contigs assemble | &8

D+ REY C3 . — e . : Wi e D
with CBDAS reference N o R R IR T TN TP R I IITEITFINTRIR TR
[+ REV B5.2

Lo £ o= [ B [N [N A B L I BN [ | [N romn (R I | (NN B BT R I B (AU B ‘

CBDAS-Like (Pseudo)

1
O+ FUD D2 I 1] TR T T R
[# REVDA.2
[+ FUD G1.3
[+ REV H4

Record Results A -

O+ REV D4

C# REVNIST6-4
P+ REY NIST5-9
4 FUD B10 1 |
O+ FUD NIST3-35 ! ! ! -

106 reads




Data Analysis-Geneious Prime

Excel Sheet: record present or absent of the synthase genes and pseudo

Data :
synthase genes, as well as the polymorphisms on the synthase genes

Normalization

Sample +1|Stain ~ |THC ~ |cBD ~ |cBC ~ |[THc/cBD |~ |THCA | ~ [THCA-Like 1| ~ |THCA-Like 2 | = |THCA-Like 3 ~ |THCA-Like 4| ~ |CBDA ~ |CBDA-Like 1| ~ |CBDA-Like 2 ~ |cBca M
DEA82A Siezed MJ 2 1.534] 1.125 0.089 1.36|ID 1D, Like ID 2SNP, Like x X D SNP 731G
DEA83A Siezed MJ 2 9.967| 0.074 0.185 134.69|ID 1D, Like ID 2SNP, Like, AGQNO3(x X ID SNP X
DEAB4A Siezed MJ 2 2.049 0.009 0.185 227.67|ID 1D, Like ID 25NP, Like, AGQNO3(x X D SNP 731G
DEASSA Siezed MJ 2 0.339 0.006 0.868 56.50|ID 1D, Like ID ASNP, AGON0300139SNP X Like Like 731G
DEASGA Siezed MJ 2 2.607| 0.01 0.149 260.70|ID 1D, Like ID 25NP, Like x X ID, Like SNP, Like 731G
DEASA Siezed MJ 0.325 0.003 0.098 108.33|ID D ID 1089ALike, AGQNO3(x X x SNP 12G 731G 1627A
DEAS0A Siezed MJ 2 0.074 1.326] 0.055 0.06[ID D ID 25NP, Like, AGQN030x X D SNP X
DEA9A Siezed MJ 0.73 0.004 0.067 182.50(ID D ID 1089ALike, AGQN03(x X X SNP 12G 731G
De N ovo H10 Hemp 0.64 12.96) 0.02 0.049]X X SNP 1089A X 7A X X 12G 731G
H10 Hemp 2 0.64 12.96) 0.02 0.049]X Dad,SNP SNP Front Like X 7A X X 731G
Ass e m b Iy H11 Hemp 0.79 16.61 0.02 0.048]X x 1089A X 7A X X 12G 731G
H12 Hemp 0.76) 13.63 0.04 0.056|X X x 1089A X 7A X X 12G 731G
H13 Hemp 0.24] 20.537 0.37 0.012]X X x 1089A SNP 7A X X 12G 731G
H14 Hemp 0.51 19.489 0.163 0.026]X X x 1089A SNP 7A X X 12G 731G
H15 Hemp 0.24] 21.814 0.389 0.011]X X x 1089A X 7A X X 12G 731G
H16 Hemp 0.52 18.269 0.144 0.028]X X x 1089A X 7A X X 731G
H17 Hemp 0.24] 14.802 0.17 0.016]X X x 1089A X 7A X X 731G
H18 Hemp 0.22 17.121 0.258 0.013]X X x 1089A X 7A X X 12G 731G
H19 Hemp 0.51 18.284 0.104 0.028]X X x 1089A X 7A X X 12G 731G
H1-J Hemp Seed N/A N/A N/A N/A|998G X ID 1089A x 7A D SNP 731G
H1-12 Hemp Seed 2 N/A N/A] N/A N/A|SNP Like SNP 1089A x 10 SNP Like Like 731G
M a p to H2D Hemn 024 17764 0379 00141 'S X 10894 X A SNP X 'S 12G 731G
Sample * | Strain -1 |THCA * |SMNP1 |~ |[SNP2 |~ [SNP3 |~ |SNP4 |~ |SNP5 |~ |SNP6 |~ [SNP7 |*|SNP8 |~ |SNPS |~¥ |SNP10|~ |SNP11 |~ |SNP12 ~ |SNP13 | ~ |SNP14 v |SNP15| ~ |SNP16| * [SNP17 | ~ |SNP18 ~ ¥ |SNP1g9| ~ |SN
Refe renCES NIDAC Ml 7494 187C 366T 399G 7494 1179T 14
NIDAD Ml D 101C 187C 366T 3996 574C 7494 983c_ |093G 1008C 1179T
NIDAE M 4SNP 187C 366T 399G 749A 1179T
NIDAG Ml D 187C 366T 399G 7494
NIDAH M 1]
NIDAI Ml D
MNIDA M 4SNP 187C 366T 399G 1179T
NIST 2 Ml X
NIST 3 Ml 811G 5046 705G 3116
NIST5 M 998G 998G
NIST-2022-1  |MI 7404 7494
NIST-2022-10 |MJ 998G,1064A 993G 106448
Reco rd Resu Its NIST-2022-11 |MJ 998G 998G 12966
NIST-2022-12 |MJ 1D
NIST-2022-13 |MI SSNP 187C 366T 399G 1179T
NIST-2022-14 |MI SSNP 187C 366T 399G 976A 1179T
NIST-2022-15 |MJ 4SNP 187C 366T 11797 13447 1395A
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Sample

Strain

Results of Reference Cannabis Samples

THC/CBD

THCAS

CBCAS

THCAS-Like

CBDAS-Like

CBCAS-Like

NIST2022-7 Ref MJ Present Present X or Present X X or Fragments
NIST2022-9 Ref MJ 0.034 SNPs X X or Present X X or Fragments
NIDA F Ref Hemp 0.036 SNPs Present Present X X or Fragments
NIST2022-5 Ref MJ 0.037 Present Present Present X X or Fragments
NIST2022-4 Ref MJ 0.038 Present Present Present X X or Fragments
NIDA J Ref MJ 0.040 SNPs Present Present X X or Fragments
NIST2022-3 Ref MJ 0.044 Present Present Present X X or Fragments
NIST2022-6 Ref Hemp 0.044 Present Present Present X X or Fragments
NIST2022-18 Ref MJ 0.055 Present Present Present Present X or Fragments
NIST2022-17 Ref MJ 0.073 Present Present Present Present X or Fragments
NIST2022-1 Ref MJ 0.109 SNPs Present Present Present Present X or Fragments
NIST2022-11 Ref MJ 0.242 SNPs Present Present Present Present X or Fragments
NIDA | Ref MJ 0.632 Present SNPs Present Present Present X or Fragments
NIDA H Ref MJ 0.649 Present SNPs X Present Present X or Fragments
NIST2022-15 Ref MJ 1.129 Present Present Present Present Present X or Fragments
NIST2022-13 Ref MJ 1.521 SNPs Present Present Present Present X or Fragments
NIST2022-10 Ref MJ 1.546 Present Present Present Present Present X or Fragments
NIDA B Ref MJ 11.176 Present Present Present Present Present X or Fragments
NIST2022-14 Ref MJ SNPs Present Present Present Present X or Fragments
NIDA D Ref MJ Present X Present Present Present X or Fragments
NIST2022-19 Ref MJ Present X Present Present Present X or Fragments
NIST2022-8 Ref MJ SNPs X X Present Present X or Fragments
NIST2022-20 Ref MJ Present X Present Present Present X or Fragments
NIDA G Ref MJ Present X Present Present Present X or Fragments
NIDA E Ref MJ Present X Present Present Present X or Fragments
NIDA C Ref M) SNPs X Present Present Present X or Fragments

Present or absent of THCAS, CBDAS and their pseudo genes are corresponding to THC/CBD ratio.

17



Results of Non-Reference Cannabis Samples

Sample Strain THCAS CBDAS CBCAS THCAS-Like CBDAS-Like @l Sample Strain THCAS CBDAS CBCAS THCAS-Like CBDAS-Like
H23 SNP 1064G X X Present Present H15 X Present| Present |X or Present X
CBG30A SNP 1064G | Incomplete| Present Present Present H13 X Present [ Present |X or Present X
H22 SNP 1064G X X Present Present H18 X Present| Present |X or Present X
H21 SNP 1064G X X Present Present H20 X SNPs Present |X or Present X
H41 SNP 1064G X X Present Present H24 X Present [ Present |X or Present X
H42 SNP 1064G X X Present Present H14 X Present| Present |X or Present X
CBG59A SNP 1064G X Incomplete Present Present H19 X Present| Present |X or Present X
H26 CBG [snP 1064G X X Present Present H11 CBD X | Present| Present |X or Present X
CBG22A Hemp SNP 1064G X X Present Present H10 Hemp X Present| Present |X or Present X
CBG40A SNP 1064G | Incomplete X Present Present H9 X Present| Present |X or Present X
CBG44A SNP 1064G | Incomplete X Present Present H12 X Present| Present |X or Present X
CBG5A SNP 1064G X X Present Present H47 X Present| Present |X or Present X
CBG20B SNP 1064G| Present Present Present Present H45 X Present [ Present |X or Present X
CBG22B SNP 1064G X Incomplete Present Present H44 X Present [ Present |X or Present X
CBG5B SNP 1064G X Incomplete Present Present H46 X Present SNPs |X or Present X
H43 SNP 1064G | Incomplete | Incomplete Present Present H25 X Present| Present |X or Present X
Sample  Strain THCAS CBDAS CBCAS THCAS-Like CBDAS-Like
DEA27A Present X Present Present Present
DEASA Present X Present Present Present
DEA36A Present X Present Present Present
DEA31A : Present X Present | Present | Present Present or absent of THCAS, CBDAS and their
peasan | Seized Present X Present Present Present . el p e
DEA42A MJ Present X Present Present Present pseudo genes are prEtty consistent Wlthln CBG
DEA32A Present X Present Present Present i
DEA25A Present X Present Present Present Hemp' CBD Hemp' and SEIZEd MJ'

DEAGOA Present X Present Present Present
DEAS8A SNPs X Present Present Present 18




Non-Reference Cannabis Samples

Sample Strain THCAS THCAS-Like CBDAS-Like
H39 Hemp CBDV X Present Present X X
H1-J12 [Hemp Seed 2 SNPs SNPs Present SNPs Present
H2-5 Hemp Seed 2 SNPs SNPs Present SNPs Present
H3-5 Hemp Seed 2 SNPs SNPs Present SNPs Present
H4-4 Hemp Seed 2 SNPs SNPs Present SNPs Present
H36 Hemp THCO SNPs Present Present Present Present
H37 Hemp THCO X Present Present X X
H35 Hemp THCO X Present Present X X
H38 HempA10 SNPs Present Present X X
H28 HempA8 SNPs Present Present SNPs X
H29 HempA8 SNPs Present Present SNPs X
H31 HempAS8 SNPs Present Present SNPs X
H30 HempAS8 SNPs Present Present X Present
H34 HempA8 SNPs Present Present Present Present
H34 HempA8 X Present Present X Present
H32 HempAS8 X Present Present X Present
H27 HempAS8 X Present Present X X

Present or absent of THCAS, CBDAS
and their pseudo genes are not really
consistent between different hemp.

Umm...
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Differentiate Hemp and Marijuana

THCAS
Absent I Present
I I
—Hemp — Marijuana
* CBD Hemp * CBGHemp
e Other Hemp e Other Hemp
e Low THC MJ * Hemp Seed
* Marijuana
CBCAS
Absent | Present
I I
o N/A « Hemp
Marii
* CBGHemp
* Marijuana * Everyone

CBDAS
Absent I Present
I I
s+ Marijuana +— Hemp
* CBG Hemp * CBD Hemp
* Marijuana * Other Hemp
* Hemp Seed
e High CBD MJ

Cannot differentiate hemp and
marijuana by just synthase genes.

Cannot differentiate hemp and
marijuana by looking at several
genes “at the same time”.

20



Differentiation Flow Chart

l THCAS 1064A SNP 4 markers differentiate MJ
Present : Absent and Hemp in 10 strains
! CEIFE | Cannabis sample (146/148)
* Hemp plopX! * Marijuana —
* Hemp
One FP-NIST-6 (NIST Samples 3 -6 * Hemp Seed
were same |plari grgwn for NIST THCAS-Like
using ident ons except Present I Absent
for applicati ticides, plant I |
parts, an s, Sample 3-5  Marijuana * Hemp
THC >0.3%; Sample 6 <0.3%) * Hemp Seed
* Reference 0.37%THC
CBDAS _
Absent or Present | Present with 586G SNPs
I I
* Marijuana * Marijuana
Present | Akisent ° Hemp Seed
- High CBD MJ « Low CBD MJ | THCAS 366T SNP
Present | Absent

e Reference NIST 6 Hemp | |
* Hemp Seed * Marijuana



Flow Chart- Next Step

Sample DNA Extraction Primer Sanger
. : . . : . ﬁ .
Collection and Quantitation Design Sequencing
NIDA, NIST, UM, DNeasy® Plant Mini Kit (QIAGEN) Total of 12 primer sets Confirmed Primer
DEA, Online, Stores Qubit™ 1X dsDNA HS Assay Kits were designed plus 4 Specificity-9 primers
MJ: 91 Hemp: 54 published primer sets set will be used
] Long sequence PCR B

I—»TaKaRa LA PCR kit

R NGS _ : Data Tagman Assays
ﬂ< IEN PIETIELE o Analysis gPCR Assay Evaluation

—>Nextera XT DNA Library Preparation Kit : :
4 runs total Geneious Prime

— Next generation sequencing i software

—» MiSeq FGx® Standard Sequencing Kit (lllumina)
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Development of TagMan Probes gPCR Assay

> Real-Time PCR Assay

Torres et al. Journal of Cannabis Research (2022) 4:57

https://doi.org/10.1186/542238-022-00164-7 J ournal of Cannabis

Research
scientific reports

Fast and easy to used
Multiple targets
* Application-specific assay result

High-throughput methods to identify male -3
Cannabis sativa using various genotyping
OPEN Development and validal methods

Of a real-time PCR assay AnthonyTorres'“_ , Christopher Pauli’, Robert Givens', Jason Argyris?, Keith Allen!, Amparo Monfort? and
Reginald J. Gaudino'

Cannabis sativa in food '

Results: We demonstrate a robust high-throughput duplex TagMan qPCR assay for identification of male-specific
genomic signatures using a novel MADC2 gPCR probe. The qPCR cycle quotient (Cq) value representative of MADC2
detection in 3156 males and the detection of tissue control cannabinoid synthesis for 8200 samples and the absence

Sandra Weck'?, Verena Peterseil’”, Helmut K. Mayer® & Rupert Hochegger*

» Custom TaqMan Probes qPCR Assay

* Multiplexed detection of up to four r::,v,e'e"gth SéO 5-'50- 700
targets (FAM, VIC, ABY, and JUN dyes)
* Designed 4 primer sets Emission
(eight primer, 50-150 bp amplicon) Spectra
* Four targeted probes with four dye -
colors / / \ N
* Using TagMan Multiplex Master Mix G SiTnm -
FAM JUN
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TagMan Probes gqPCR Assay-Multiplex

» For all Hemp, Hemp Seed, Seized MJ, Reference Sample (n=148)

Probe 1
: Probe 1- SNP THCAS 1064A
Interpretation | MJ, Hemp, Hemp Seed Hemp
4 L
Probe 2 Probe 2- THCAS-Like Unique SNP
Interpretation | MJ, Hemp, Hemp Seed Hemp (Prove the present of THCA-Like gene)
-
Probe 3
Probe 3- SNP CBDAS 586G Interpretation | MJ, Hemp Seed MJ
N =
Probe 4
Probe 4- SNP THCAS 366T .
Interpretation MJ Hemp Seed

Differentiate hemp and marijuana (n=146) including 10 different sample types
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Future Study-Assay Validation

Blind testing Cannabis sample to validate the application of new qPCR identification assay

US-Mexico Marijuana CBP LSSD Not Available
Chile Marijuana 20 PDI Not Available
Chile Medical Marijuana 4 PDI Not Available Please...
Commercial Hemp Need More! Shops  Hopefully Available
Seized Marijuana Need More! Hopefully Avaliable
Reference Sample Need More! Hopefully Avaliable
Hemp Seed Need More! Shops  Hopefully Avaliable
Other Type of Sample Needed Hopefully Available

Total 150-200
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 Demonstrated the usage of the custom targeted NGS panel that serves as a
comprehensive analysis of the three synthase genes and their pseudogenes to
discover the relationship between chemotype and gene copies.

* With wider variety of sample types, hemp and marijuana cannot be differentiated
look at only THCAS and CBDAS gene.

* Potential comprehensive workflow to differentiate cannabis crop types with not
only synthase genes but the pseudogene.

* Developing a rapid genetic assay (qPCR) for the differentiation of hemp and
marijuana (validation need in future study).
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